The aim of this study was to evaluate whether the addition of immunological variables to the Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity (POSSUM) scoring system improves the predictability of postoperative mortality. One hundred and thirty-two consecutive patients who underwent moderate, major or major-plus elective surgical interventions for gastrointestinal tumors were scored using the POSSUM mortality risk analysis. Patients were placed in one of the two groups based on their POSSUM mortality rates which were either lower or higher than 5%. An additional 26 pre-operative and post-operative metabolic and immunological variables were measured and mortality-dependent variables were selected. Regression analysis with backward elimination of twelve pre-operative and post-operative variables correlating with POSSUM score revealed that postoperative neopterin, IL-6 and albumin were significantly dependent on the predicted mortality rates. According to these selected variables, the number of patients with a POSSUM predicted mortality rate higher than 5% increased from 64 to 88, but the percentage of the mean mortality decreased. Statistical differences between the original POSSUM and modified scoring system was highly significant (p<0.0001). The sensitivity and specificity of the modified scoring system was calculated to be 52.9% and 87.5%, respectively.
Introduction
The high-complexity features of the clinical situation of surgical patients necessitates the correct prognosis. This is essential not only for patients, their families and physicians, but also for hospital administrators and social security fund-providers [1] . Despite the improvements in the care of patients, a recent prospective international multicenter cohort study revealed postoperative mortality is still higher than expected [2] .
Well-selected pre-operative clinical markers may be predictive for the rate of poor post-operative outcomes. This may provide more effective treatment goals and it may also encourage surgeons to set realistic expectations regarding the outcomes for the patient [3] . Additionally, an increase in the accuracy of perioperative estimations of post-operative morbidity and mortality rates may reduce the morbidity and mortality rates associated with major post-operative complications [4] . A number of scoring systems have been developed using physiological and clinical data. These scoring systems can be used for estimating the hospital morbidity and mortality rates of patients who are undergoing surgical intervention. However, despite the stratification ability of these scoring systems, in many cases the role of the physiological reserve of the patient and the success rate of the surgeon cannot be adequately reflected in existing scoring systems [5, 6] . Additionally, many of these scoring systems have fundamental defect as they ignore operative factors. In this respect, there has been renewed interest in the use of the Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity (POSSUM) for risk adjustment and stratification of surgical patients. Importantly, the POSSUM system takes into account the operative severity as well as patient's physiological characteristics by scoring 6 operative details and 12 physiological variables when assessing the risk [7] (Table  1) . Since the introduction of POSSUM in 1991 by Copeland et al., it has frequently been shown that the POSSUM scoring system overestimates the predicted mortality rate in various surgical procedures. Therefore, the classical form of the POSSUM scoring system has been revised for more accurate medical decision making for individual patients. Thus, the original POSSUM scoring system was modified according to the properties of the applied surgical procedures such as, vascular (V-POSSUM), oesophago-gastric (O-POSSUM) and colorectal (P-POSSUM and CR-POSSUM) surgery [8] [9] [10] [11] [12] . Regardless of which scoring system is valid, the main aim of these evaluations is to minimize mortality and morbidity by removing the risk factors that should be considered. In this context, these systems should have the appropriate variables. If a surgical unit makes the appropriate calculations by using its own patient series and updates these equations, the POSSUM system can be useful in the risk assessment for surgery in any patient [15] . Otsuka et al. showed that the classical POSSUM system overestimates the predicted morbidity of patients who underwent gastrectomy. However, after creating a modified equation using data from retrospective analysis, they found that modified POSSUM system predicts the prospective morbidity rate more accurately [13] . In patients undergoing major surgery for gastrointestinal tumors, post-operative systemic inflammatory response syndrome and sepsis are associated with high morbidity and mortality due to the presence of dense bacterial flora in the gastrointestinal tract. Therefore, some immunological variables may be reliable predictors of post-operative systemic inflammatory response syndrome [14] . Eventually, early goal-directed therapy will provide significant benefits with respect to the outcomes in patients with severe sepsis and septic shock [15, 16] . Current evidence indicate that the early inflammatory response syndrome observed after major surgery is characterized by proinflammatory cytokine release and cell-mediated immune dysfunction. Disturbances in cell-mediated immunity followed by a compensatory anti-inflammatory response syndrome may lead the patient to collapse with multiple organ dysfunction syndrome, that ends up in death [17] . In fact, immune homeostasis is critically dependent on an adequate Th1/Th2 balance, as well as macrophage-T cell interaction and an appropriate cytokine equilibration [8] takes into account the operative severity as well as patient's physiological characteristics by scoring 12 physiological parameters and 6 operative details when assessing risk. [18] . Therefore, assessment of metabolic and immune responses during the risk adjustment and stratification plays an important role in quality assurance of this scoring system. Although the function of the immune system is very important for surgical patients, unfortunately, immunological variables have not been included in the POSSUM scoring system. This implies that a reappraisal is required for the use of this scoring system, especially for the evaluation of patients with gastrointestinal tumors [19] [20] [21] [22] [23] . Therefore, the aim of this prospective preliminary study is to determine whether the variables related to post-operative metabolic and immunological responses increase the stratification ability of the POSSUM scoring system in a series of patients with gastrointestinal tumor surgery. In this respect, predicted mortality rates were re-calculated by considering the different metabolic and immunological parameters, which were obtained by multiple regression analysis.
Materials and methods

Patients and selection criteria
Informed consent: Written informed consent was obtained from all patients according to the declaration of Helsinki.
Ethical approval: The research related to human use has been complied with all the relevant national regulations, institutional policies and in accordance the tenets of the Helsinki Declaration, and has been approved by the University's local ethics committee.
One hundred and thirty-two patients with gastrointestinal diseases were scheduled to undergo elective laparotomy in a single unit of Gazi University, Faculty of Medicine, General Surgery Department. Patients were selected based on inclusion and exclusion criteria. Patients with known primary metabolic, hematological and immunological disorders were excluded and the rest were classified according to the POSSUM scoring system. In this study, non-survivors on the day of surgery or during the early post-operative period were also excluded.
Consecutive cases were scheduled for moderate, major and major-plus elective surgery and all cases received standardized anesthetic technique. In this study, the diagnostic accuracy of serum markers for postoperative complications following abdominal surgery in the upper gastrointestinal, hepato-pancreatico-biliary and colorectal organs were analysed.
Patients were evaluated retrospectively using the POSSUM-score and the predicted risk of death was calculated for each patient according to the original definitions used by Copeland et al. Twelve physiological parameters and six operative variables were subdivided into 3-5 levels with an exponentially increasing score. The predicted mortality scores were calculated by POSSUM equations using linear regression analysis [8] ( Table 1) . Results of these analyses aimed to develop a standardized postoperative quality-control algorithm for risk assessment of complications and early identification of patients at risk of developing major complications and death. After screening patients for suitability for enrolment, 132 patients were scored using the POSSUM mortality risk evaluation system and they were placed in one of the two risk groups during the first 24-hour of postoperative period: Group 1; POSSUM predicted mortality rate was lower than 5 % and Group 2; POSSUM predicted mortality rate was higher than 5 % ( Table 2) .
Biochemical analysis
All participants were asked to fast for 12 hours before the early-morning blood samples were collected. Blood samples were obtained from an antecubital vein and were collected in vacutainer tubes containing EDTA. Venous blood samples and urine were collected between 6:00 am and 8:00 am prior to surgery and within 12 hours after skin incisions were made for biochemical and hematological analysis. All surgical interventions started between 8.30-9.00 am on elective conditions. After maintaining the blood samples for 30 mins at room temperature, the samples were centrifuged for 15 min at 1500 xg to isolate the serum, which was then aliquoted and frozen at −20 °C and stored at -80 °C until biochemical analyses were performed. These samples were analysed by using an Olympus AU640 auto analyser (Olympus, Kobe, Japan). Since osmotic dynamics in plasma due to the effects of diuretics or intravenously infused osmotically active solutions are important in critical major abdominal operations, blood hemoglobin concentrations and hematocrit values were used to evaluate the plasma dilution, blood viscosity and oxygen carrying capacity post-operatively. Preoperative hemoglobin concentration, hematocrit and mean corpuscular hemoglobin concentration values were compared with the post-operative values [24] . In addition to classical POSSUM parameters, twenty-six pre-operative and post-operative variables including plasma cortisol, insulin, serum high sensitivity C-reactive protein (hsCRP), total protein, albumin, homocysteine, interleukin-6 (IL-6), interleukin-10 (IL-10), nitric oxide (nitrite+nitrate; NOx), arginase-1, serum neopterin and total antioxidant capacity (TAC) were measured ( Table 2 ). Subsequent to multiple regression analysis, post-operative serum albumin, postoperative plasma IL-6, and post-operative serum neopterin levels were included in the POSSUM evaluation.
Plasma cortisol (µg/dL) was measured by competitive chemiluminescence assay according to the principal of binding competition between the alkaline phosphatase labeled cortisol and non-labeled patients' cortisol to the limited amount of antibody binding sites. Following chemiluminescence chemical reaction, the captured light that was inversely proportional to the patients' cortisol levels were determined by DPC immulite autoanalyzer (Siemens DPC Immulite 1000, Germany). Plasma homocysteine levels (µmol/L) were assayed by high performance liquid chromatography with fluorescence detection. Serum high sensitivity C-reactive protein (hsCRP) (nephelometric assay, Bnprospec II analyzer, Table 2 : One hundred and thirty-two patients were scored using POSSUM morbidity and mortality risk evaluation system and they were allocated to one of the two risk groups during the first 24-hour of post-operative period: Group 1; POSSUM predicted mortality rate was lower than 5 % and Group 2; POSSUM predicted mortality rate was higher than 5 %. Siemens, Germany), plasma IL-6 and IL-10, (Human ELISA test, R and D system, USA), TAC (Randox, UK), and serum neopterin (Human ELISA, IBL International, Germany) measurements were done according to the protocols described in commercially available kits. Plasma NOx levels were measured using the Griess method [25] . The mean levels of serum arginase-1 were measured using the commercial ELISA kit (Arginase I, Human, ELISA kit, Hycult Biotech, The Netherlands).
Statistical analysis
Descriptive statistics were calculated for all variables and they were reported as mean ± standard error of mean. After checking whether the data had a normal distribution, by Kolmogorov-Smirnov Test, normally distributed data were analysed by using Student's t-test and Levene's test was used for assessing the equality of variances. Nonparametric data were compared with the Mann-Whitney U and the Wilcoxon signed rank test, where appropriate. Correlations were assessed using Pearson's correlation or Spearman's rho rank test, where appropriate. p < 0.05 was considered statistically significant. Twelve of 26 parameters showed statistically significant correlation with POSSUM predictive mortality rate (dependent variable) (Table 3) . Thereafter, three out of twelve parameters; post-operative neopterin, post-operative IL-6 and post-operative albumin levels were selected by multiple regression analysis with backward elimination. The newly predicted mortality rates were calculated according to these three variables. Recalculated predictive mortality rates with the multiple regression analysis were compared with the original POSSUM predictive mortality rates with Mc Nemar's test. The predictive accuracy of revised POSSUM was tested by logistic regression analysis (the area under the curve; AUC test). In this respect, the ability of the test to correctly classify patients into two groups was determined with sensitivity, specificity, positive and negative predictive values by using logistic regression analysis (Table 4) . 
Results
This study included a total of 132 subjects (62 men and 70 women). In step one, the patients were classified into two groups based on their predictive mortality rate: Group 1 consisted of 68 patients and their predictive mortality rate was lower than 5%, while the remaining 64 patients who were classified as Group 2, their predictive mortality rate was higher than 5%. Definitive major or major-plus surgery was performed in 85 of the 132 patients for gastrointestinal carcinoma. According to the POSSUM evaluation, in Group 1 (51.5%) the predicted mortality rate range was between 0.90%-4.80% and mean predictive mortality rate was 2.49±0.12%. In Group 2 (48.5%) the predicted mortality rate range was between 6.00%-59.90% and mean predictive mortality rate was 13.69±1.23%. Post-operative levels of albumin, hsCRP, IL-6, IL-10, homocysteine, NOx, arginase-1, IL-6/IL-10 and neopterin were significantly different (p<0.05) when compared with their pre-operative values for both groups. Furthermore, post-operative mean serum levels of albumin, hsCRP, IL-6, IL-10, homocysteine and neopterin in Group 2 were significantly different in comparison to post-operative average values of Group 1 (p<0.05) ( Table 2 ). While post-operative albumin, NOx and homocysteine levels decreased, hsCRP, IL-6, IL-10, neopterin levels and arginase-1 activity significantly increased in patients of Group 2. Overall, the levels of IL-6, IL-10 and neopterin of our patients were found to be primarily correlated with the extent of surgery and increased predicted mortality rate. When predicted mortality rates were accepted as dependent variable, twelve out of twenty-six variables, which were not previously included in the POSSUM scoring system, showed a highly significant correlation with the predicted mortality rate (Table 3 ). In step two, a global assessment of 132 patients disclosed that the calculated POSSUM predictive mortality rates correlated with both pre-operative and post-operative hsCRP, total protein, albumin, neopterin levels. However, only postoperative values of cortisol, homocysteine, IL-6 and IL-10 levels correlated with the POSSUM predicted mortality scores (Table 3) .
In Group 2, post-operative hsCRP, IL-6, IL-10 and neopterin concentrations correlated with their POSSUM scores and, they were significantly higher than that of Group 1 patients. Post-operative hsCRP, albumin, IL-6 and neopterin were common variables which were correlated with the mortality rates of both groups. Despite the decrease in NOx levels and simultaneous increase in arginase-1 levels during the early post-operative period in both groups, these two variables did not correlate with the predicted mortality level. However, post-operative NOx and neopterin showed highly significant correlation with the post-operative TAC. Ultimate regression analyses with "backward elimination" revealed that post-operative neopterin, IL-6 and albumin were significantly dependent on the POSSUM predicted mortality rate (p=0.001, p=0.004 and p=0.0001, respectively) in step two (Figure 1) . In this respect, the predicted mortality rate was recalculated for albumin, post-operative, postoperative IL-6 and postoperative neopterin in step three. After reassessment of the predicted mortality rate according to three selected variables, 24 of the 68 patients scoring in Group 1 were transferred to Group 2 ( Table 4) . In this evaluation, Group 2 now composed of 88 patients, the predicted mortality rate range was between 5.21% to 41.94%; with the mean predictive mortality rate being 12.20±1.21%,. With group 1 being reduced to 44 patients, the predicted mortality range was between 0.08% to 4.95% and the mean predictive mortality rate was 2.33±0.11%. McNemar's test revealed that the difference between the original POSSUM system and the modified scoring system was highly significant (p=0.0001). The sensitivity and specificity of the modified scoring system was calculated to be 52.9% and 87.5%, respectively.
Interestingly, the actual post-operative mortality rates in the late phase of our study in the patients who had gastrointestinal surgery, were well below the estimated average mortality rates, which were than calculated by the revised version of POSSUM scoring system. The actual overall mortality rate in our series of patient was 5.3% (132/7 deaths). When considering the POSSUM groups; while the actual mortality rate of Group 1 was 2.94% (two deaths), five patients died in Group 2 bringing the actual mortality rate to 7.8%. Although 24 patients were transferred to Group 2 upon the addition of immunologic variables in the revised POSSUM model, in Group 1, the actual mortality rate fell to 2.27% (44/1). Similarly, the number of mortalities in Group 2 increased to six, but the actual mortality rate dropped to 6.8%. Since actual mortality rates during the late phase of our study were below the predicted mortality rates, the causes of mortalities and the types of surgical interventions were not discussed further. These results indicated that patients are more correctly classified into two groups via the revised POSSUM scoring system.
Discussion
Specific immune cell recruitment and cytokine production play an important role in the post-traumatic period. Measuring distinct local immune cell repertoires and cytokines illustrates how the different phases of postoperative immune events affect immune responses [26] . During the early post-operative period, a balance between IL-6 and IL-10 is an important determinant of subsequent immune responses. This event is associated with surgeryinduced immune-suppression and may predispose the patient to post-operative morbidity and mortality [27] [28] [29] [30] . IL-6 concentrations increase in all patients during surgery and are correlated with the severity of surgical trauma [31] . In this respect, IL-6 may be primary effector in the production of acute phase proteins, such as CRP [32] . Despite this, serum concentrations of other proinflammatory cytokines are not affected by surgery or by the occurrence of septic complications, instead the postoperative increase in IL-6 concentration is associated with septic morbidity [33] . In fact, the adaptive immune system augments proinflammatory response in the development of the post-operative systemic immunoinflammatory state [34] . Conversely, IL-10 gene expression correlates with the decrease in the expression of the major histocompatibility complex class II on the monocytes of the patients who undergo major abdominal surgery. This may be responsible for the immunosuppression associated with surgical trauma [35] . Posttraumatic serum cytokines increase during the post-operative period, but they are inconsistent with the clinical findings. Although in many studies, these markers are not correlated with clinical outcomes, IL-6 and IL-10 are consistently elevated during the post-operative period [36] . In accordance with previous studies, in our series of patients, post-operative serum concentrations of IL-6 and IL-10 increased in both groups in comparison to pre-operative levels. Furthermore, these variables significantly increased in the higher predictive mortality group when compared to the lower predictive mortality group.
It is claimed that the down regulation of T helper (Th) type-1 immune response is evident following conventional surgery. Actually, Th1 cells are mainly characterised by the secretion of type-1 interferon (IFN-gamma), which induce cell-mediated immune responses [37] . Neopterin is synthesised mainly by monocytes/macrophages after induction by IFN-gamma. Increased concentrations of neopterin in human serum indicate the activation of cell-mediated immune responses [38, 39] . In contrast, post-operative serum neopterin levels of our patients significantly increased in both groups when compared with the pre-operative serum neopterin concentrations (p=0.0001). However, the average neopterin levels of both Group 1 and 2 were below the standard cutoff value [38, 40] . Yan et al. claimed that serum neopterin is a valuable marker for activation of cellular immune system and a simple, reliable and sensitive variable in cell-mediated immunity [41] . Additionally, we found a significant correlation between the neopterin and hsCRP levels before and after surgical intervention, as reported by Haupt et al. [42, 43] . In our study, values of post-operative albumin, hsCRP, IL-6, IL-6/IL-10 and neopterin during the Ebb-phase demonstrated a significant correlation with the revised POSSUM predicted mortality risks in addition to physiological and operative scores. For immunological evaluation, while hsCRP and IL-6 are the main variables in Group 1, IL-10 and neopterin, in addition to hsCRP and IL-6, are noteworthy for Group 2. In fact, the ebb phase corresponds to the initial post-operative period [44] . Major surgical trauma induces an early hyperinflammatory response, which is characterised by pro-inflammatory IL-1 and massive IL-6 cytokine release [18] . In our study, the continuous post-operative IL-6 release was induced as an acute phase response. An increase in IL-6 was associated with the up-regulation of a major anti-inflammatory mediator, IL-10. If the host survives in this initial period, the increased release of systemic mediators causes marked depression in immune responses and increased susceptibility to infection and death from sepsis [45] [46]. This state is called as immune paralysis, which is characterised by the change of T-cell phenotype [47] . Eventually, uncontrolled hyperinflammation results in surgical trauma-induced immunosuppression, as indicated by a shift of the Th1/Th2 ratio towards a Th2-dominated cytokine pattern [18, 19] . As mentioned above, the revised POSSUM predicted mortality rates were significantly correlated with IL-6, IL-10 and macrophage responses. The clear correlation between the preoperative neopterin and POSSUM predicted mortality rates (p=0.004) provided an opportunity to estimate the probable macrophage-related prognosis of patient. Upregulation of inducible nitric oxide synthase (iNOS) is well-recognised after injury and contributes to the inflammatory response and organ damage in early phase following trauma [48] . Biphasic T-cell response to NOx in low concentrations enhances induction of Th1 cells, while higher concentrations suppress the Th1 response. However, NOx modulates the immune response and contributes to the homeostasis of the immune system [49] . NOx-dependent suppression of Th1 is together with a suppression of the Th1 type cytokines after tissue trauma [47] . It is likely that NO may serve a protective role in acute inflammatory reactions [50] . In addition to T cell-mediated immune activation, reactive oxygen and nitrogen species generation may reflect the magnitude of injury. Conditional prooxidant, neopterin, may have important roles in the calibration of POSSUM predictive mortality percentiles of major or major plus cases. Therefore, correction of the risk adjustment and stratification of surgical patients with the variables of neopterin, albumin, hsCRP and IL-6, may yield more accurate predictions for post-operative mortality rates.
Although differences between pre-operative and postoperative values were statistically significant, TAC was not correlated with the operative severity score or mortality, as in findings of Morris et al. [51] . However, albumin represents the major and predominant antioxidant in plasma, a body compartment known to be exposed to continuous oxidative stress. In this context, a large proportion of antioxidant capacity of serum can be attributed to albumin [52] . In healthy adults, about 70-80% of the Cys34 is localised in albumin [53] , and the antioxidant properties of human serum albumin are largely dependent on Cys34 [54] . A statistically significant negative correlation was found with the revised POSSUM predictive mortality rate and albumin, which consists of an important part of TAC, whereas we could not find any correlation between the revised POSSUM scores and serum TAC and NOx. Thus, ultimate regression analyses revealed that, in addition to neopterin and IL-6, postoperative albumin was significantly depending on the predicted mortality rate (p=0.0001). This result suggested that absolute values of TAC and NOx were not decisive variables regarding POSSUM predictive mortality rates.
On the other hand, increased peripheral mononuclear cell arginase expression may contribute to post-operative immune dysfunction by affecting arginine use and NO synthesis [55] . Increased arginase activity is associated with decreased generation of NO, and increased reactive oxygen species-production [56] . In our study, while postoperative plasma NOx levels significantly decreased in comparison to pre-operative levels, post-operative arginase-1 activity significantly increased in both groups. Th1 immune states, which induce iNOS expression, are associated with cellular immune competence and inflammation, whereas Th2 immune states, which induce arginase expression, are associated with downregulated cellular immunity. Therefore, the metabolism of arginine either by iNOS or by arginase activity is dependent on the patient's immune status. Significantly increased postoperative arginase activity in Group 2 was correlated with the severity of trauma. Furthermore, increased arginase activity coincided with the increased serum IL-10 levels as well as decreased circulating NO metabolites [57] .
Conclusion
This clinical study revealed that post-operative albumin, post-operative IL-6 and post-operative neopterin concentrations were indispensable variables in establishing the individual accuracy of POSSUM predictive mortality groups. Furthermore, the revised POSSUM scoring system could allow more comprehensive precautions to be taken to prevent patient deaths.
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